1. Introduction
===============

Acute cardiovascular events including death can be triggered by emotional stress.^\[[@R1],[@R2]\]^ When stressful situations occur massively (eg, earthquakes,^\[[@R3]\]^ terrorist attacks,^\[[@R4]\]^ or war^\[[@R5]\]^), the incidence of acute cardiovascular events rises among individuals involved.^\[[@R6]\]^

Strong emotions can be provoked by major football tournaments (MFTs),^\[[@R7]\]^ MFTs were including: World Cup (WC). European Cup (EC). Australian football league. World cup qualifications and the rugby World cup. It has been suggested that these emotions might precipitate adverse cardiovascular events among game spectators.^\[[@R8],[@R9]\]^ Some studies on the other hand have however found no relationship between MFTs and adverse cardiovascular events.^\[[@R10],[@R11]\]^ The possible explanations for these differences are differences in study designs, outcomes, study period, study populations, and type of sporting events.

Reliable estimates of risks associated with MFTs are of value for effective public health services. One previous systematic review of observational studies showed a weak additional risk of acute cardiovascular events existed when populations watched MFTs.^\[[@R10]\]^ The authors concluded that due to the low study numbers and the wide confidence intervals (CIs) observed, the reported observation was no more than a random chance. However, the results of individual studies continue to draw attention since.^\[[@R12]\]^ We therefore undertook a new systematic review and meta-analysis to identify the relative risk of non-fetal cardiovascular events and mortality among populations watching MFTs.

2. Material and methods
=======================

2.1. Research question
----------------------

Our research question has 2 folds:

1.  Does the relative risk of cardiovascular mortality, and/or

2.  Does the relative risk of hospitalization due to non-fetal cardiovascular events differ when the people watch MFTs compared to that of ordinary times when there was no MFTs.

3. Methods
==========

3.1. Patient and public involvement
-----------------------------------

This study was approved by the Guangdong Provincial People\'s Hospital ethics committee. The patients and the public were not involved in setting the research question or the outcome measures, and no patients were involved in developing plans for the design or implementation of the study. We are unable to disseminate the results to study participants because of the nature of a meta-analysis.

3.2. Search strategy and selection criteria
-------------------------------------------

PubMed, Embase, and Cochrane Library databases were searched from the earliest index date-December 2000 until the December 20, 2018 with no language restrictions provided by the abstracts in English. Cross-sectional observational studies (both prospective and retrospective) that described the association between watching MFTs and the cardiovascular morbidity or mortality were eligible for inclusion in the systematic review and meta-analysis. The following MeSH terms were used for the search; that is, (See Supplemental data 1): soccer, football, rugby, World cup, European cup, cardiovascular disease, acute coronary syndrome, angina, arrhythmias, cardiac, coronary disease, myocardial infarction, heart arrest, death, sudden, heart failure. Two reviewers independently sifted the search results for relevant titles and/or abstracts. The reference lists of all relevant articles were manually screened to find other potentially eligible studies. When a title and/or abstract met the study eligibility criteria but it did not provide sufficient data for this meta-analysis, the full text of the study was retrieved and reviewed. Editorials, letters to the editor, review articles, case reports and animal experimental studies were excluded. For studies reported both single-match and pooled estimates, we included only the pooled estimates in the present review. In addition, if only gender-specific estimates were reported, we calculated a pooled estimate for men and women combined.

3.3. Data extraction and quality assessment
-------------------------------------------

Two investigators (HM and DZH) independently reviewed the eligible studies and extracted the data using a standardized excel file. For each study, data were extracted by one investigator and checked by another investigator for accuracy; disagreements were resolved by consensus.

For each article, the extracted data included: first author, publication year, football game type, relative risk comparison, outcome, geographical location, population, number of cases who were hospitalized due to cardiovascular disease or died, unadjusted or adjusted risk estimates and their 95% CIs, adjusted confounding factors, quality assessment, and any other information relevant to the two research questions.

The quality of each included study was independently evaluated by two investigators (HM and DZH) using the Newcastle-Ottawa Scale (NOS).^\[[@R13]\]^ The quality score of the studies was calculated based on three components as follows: selection of study groups (0--4 points), comparability of study groups (0--2 points), and ascertainment of the interest outcome (0--3 points). The scores ranged from 0 to 9 points, with a higher score indicating better methodological quality. Any disagreements were resolved by consensus.

3.4. Data analysis
------------------

The unadjusted and multivariable-adjusted relative risk (relative risk ratio (RR), Odds ratio (OR) or Hazard ratio (HR)) were used based on the data provided by the original studies to estimate the association between watching MFTs and non-fetal cardiovascular events or cardiovascular mortality in the population. If the relative risk value was not given, we calculated the unadjusted RR using original data (number of population of the studied place and prevalence rate) reported in the study. If the population size was not given, it was obtained by searching the most recent national census posted online. As the incidence of non-fetal cardiovascular events and cardiovascular mortality is relatively low, the OR or HR were assumed to be accurately close to the estimates of the RR.

Forest plots were used to show RRs and 95% CIs for the included studies. Overall RRs were calculated using fixed/random-effects models (DerSimonian and Laird method), potential heterogeneity among studies was calculated using the I^2^ statistic, which is a quantitative measure of inconsistency across studies. When I^2^ \< = 50, fixed-effects model was used, when I^2^ \> 50, random-effects model was used. Sensitivity and subgroup analyses were used to further explore study heterogeneity. Because only a few covariates were individually significant, a multivariate meta-regression model was not developed.

Publication bias was assessed by visual inspection of a funnel plot and the Begg and Egger tests. Subgroup analyses were done to test individual association of selected covariates with the pooled estimates. Subgroup analyses were grouped based on the following:

1.  The results of the MFTs (with the national team won the MFTs vs lose the MFTs);

2.  The type/region of the MFTs (World Cup (W.C.)/ European Cup (E.C) vs Australian football league, World cup qualifications, or the rugby World cup).

3.  Type of study (prospective vs retrospective). As mortality studies are all retrospective studies, this grouping method is only applicable to the morbidity studies.

A 2-tailed *P* value below .05 was considered statistically significant. All statistical analyses (except the Begg and Egger tests) were performed using Review Manager 5.0 and Stata 10.0. Begg and Egger tests were performed using Stata 12.0.

4. Results
==========

4.1. Search results
-------------------

Figure [1](#F1){ref-type="fig"} shows our search strategy and results. Our initial literature search yielded 3419 abstracts (N = 2562) or titles (N = 857). Of these, 2508 were excluded as unsuitable after screening of the title; another 190 were excluded because of duplication. Furthermore, another 630 were excluded after the abstracts were screened. The full text was examined for the remaining 91 publications.
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According to the predefined inclusion criteria, 20 publications met our criteria for this systematic review and meta-analysis.^\[[@R9]--[@R12],[@R14]--[@R29]\]^ One of the chosen studies was presented in only abstract that was included^\[[@R25]\]^ because enough data provided in the abstract. Two of the 20 studies provided ORs, 14 provided RRs, and HRs provided in 2 studies. There were 2 studies did not provide relative risk estimates, therefore we calculated the RRs using the reported rates or raw data.^\[[@R14],[@R28]\]^ For 1 study,^\[[@R29]\]^ we could not obtain neither OR, RR, or HR, because the data provided by the study could not yield for the relative risk estimate. Therefore, we did not include this study in this meta-analysis.

4.2. Study characteristics
--------------------------

Supplemental data 2 summarizes the features of the included publications (N = 19). Of them, nine publications presented cardiovascular mortality only,^\[[@R11],[@R14]--[@R18],[@R20],[@R25],[@R26]\]^ 9 presented hospitalizations due to non-fetal acute cardiovascular events only,^\[[@R9],[@R10],[@R12],[@R19],[@R21]--[@R24],[@R28]\]^ 1 publication presented both conditions.^\[[@R27]\]^ Most studies (N = 14) were conducted in Europe; 3 were in Germany, 3 in Switzerland, 2 in England, 2 in France, 2 in Netherlands, 1 in Portugal and 1 in Italy. The rest were in USA (N = 2), Brazil (N = 1), New Zealand (N = 1), and Australia (N = 1). None were conducted in Africa or Asia. The populations involved in these studies ranged from 1.2 million to 193 million.

Of the studies examined the hospitalizations due to acute cardiovascular events, 4 were due to acute myocardial infarction,^\[[@R10],[@R19],[@R23],[@R24]\]^ 1 was due to out-of-hospital cardiac arrests,^\[[@R21]\]^ 1 due to sudden cardiac death,^\[[@R22]\]^ and 4 studies included other forms of acute cardiovascular events.^\[[@R9],[@R12],[@R27],[@R28]\]^ Of the 10 publications examined the cardiovascular mortality during the MFTs;^\[[@R11],[@R14]--[@R18],[@R20],[@R25],[@R26],[@R29]\]^ 6 studies had the mortality due to acute myocardial infarction,^\[[@R11],[@R15]--[@R18],[@R20]\]^ 2 due to circulatory causes,^\[[@R14],[@R26]\]^ 1 due to coronary heart disease,^\[[@R25]\]^ and 1 study examined the all-cause mortality.^\[[@R29]\]^

All the selected studies were considered in high quality with the median NOS score was 8 (ranging from 8 to 9).

4.3. Meta-analysis of cardiovascular risk
-----------------------------------------

Analysis of the ten studies reporting cardiovascular mortality showed a significantly statistical association of watching MFTs with an increased risk of mortality, though the risk is small (RR 1.03; 95% CI: 1.00--1.05; Fig. [2](#F2){ref-type="fig"}A). The heterogeneity of the studies was moderate (I^2^ = 46%, *P* = .02). Analysis of subgroups showed that cardiovascular mortality was significantly increased among populations whose national team lost in the MFTs (RR 1.19; 95% CI: 1.09--1.30; Fig. [2](#F2){ref-type="fig"}B) and the risk of cardiovascular mortality was significantly lower in the populations whose national teams won (RR 0.88; 95% CI: 0.79--0.98; Fig. [2](#F2){ref-type="fig"}C). The heterogeneity of the lost team studies was minimum (I^2^ = 1%, *P* = .41). Similarly, the heterogeneity of the won team studies outcome was also minimum (I^2^ = 0%, *P* = .51). When the subgroup analyze was conducted based on the game type: W.C./ E.C (N = 7) vs non-W.C./E.C (N = 3), it showed that cardiovascular mortality was increased among non-W.C./E.C studies (RR 1.12; 95% CI: 1.03--1.21), with a minimum heterogeneity (I^2^ = 14%, *P* = .32). No significant association was found between watching W.C./ E.C games and the risk of cardiovascular mortality (RR 1.02; 95% CI: 0.99--1.04; I^2^ = 50%, *P* = .003)(Supplemental data 3).
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Our random-effects meta-analysis showed that watching MFTs was associated with a small and statistically increased risk of cardiovascular morbidity (RR 1.17; 95% CI: 1.01--1.36; Fig. [3](#F3){ref-type="fig"}). Significant heterogeneity was found among the studies (I^2^ = 94%, *P* \< .00001). The subgroup analysis to better understand the cause of the high heterogeneity were shown in Supplemental data 3.
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The sensitivity analysis revealed the combined RR of overall risk estimates were consistent and without apparent fluctuation. There was no publication bias found via the Begg and Egger tests (*P* \> .05)

5. Discussion
=============

This present systematic review and meta-analysis produced a couple of folds of findings regarding the relationship of the significant cardiovascular mortality and morbidity with the populations watching MFTs. Our results indicate that the incidence of cardiovascular mortality was affected by the final results of the MFTs, that is, the incidence became significantly great among the population whose teams lost the tournament (RR 1.19; 95% CI: 1.09--1.30), whereas the risk of cardiovascular mortality was significantly lower in the populations whose national teams won (RR 0.88; 95% CI: 0.79--0.98). These findings may be useful for public health planning organizations.

The only existing systematic review and meta-analysis by far that included 10 studies presented a range of estimated relative risk ratio of 0.7 and 1.3. The authors concluded that the cardiovascular effects of watching football matches are likely to be, if any, very small. Differently from that study, our presentation consisted of almost double size of the previous study, and separately analyzed the data based on mortality or morbidity. Furthermore, we specifically examined the impact of the final results of these MFTs on the cardiovascular outcomes. While the overall meta-analysis of our study support that watching MFTs have increased mortality, with the specific subgroup analysis, we found that home team winning the MFTs reduced the mortality at 12% and losing the MFTs increased the mortality of 19%. The findings suggest that the overall RR of the watching MFTs with mortality (RR = 1.03) was due to the combination of increased rate of mortality due to loss and the decreased mortality due to win.

For passionate fans who identify with the home team, a dramatic and high-stakes game can be a stressful event, and winning or losing of the home team may bring different emotional reaction to the fans. Fans may become depressed and anger with the home team losses the tournament, whereas become euphoric and excited with the home team wins. Different type of emotional reaction may impact on the cardiovascular health differently. Depression and anger are prospectively associated with the development and progression of cardiovascular disease, which may worsen the already unstable cardiovascular system.^\[[@R30],[@R31]\]^ There is consistent evidence that long-term depression and anger increase cardiovascular risk and may also acutely trigger cardiovascular events.^\[[@R32]\]^ Willich et al reported that emotional upset was associated with a transient 2.7-fold (95%CI: 1.1--6.6) higher risk of MI within 24 hours.^\[[@R33]\]^ And data from SHEEP study indicate that people were 9.0 (95% CI: 4.4--18.2) times more likely to experience an MI in the hour after episodes of anger than during other times.^\[[@R34]\]^ Positive emotions on the other side have been suggested to be associated with better cardiovascular outcomes. For instance, Laura et al found that positive psychological factors was associated with a decreased risk of combined angina, nonfatal MI, and CHD death.^\[[@R35]\]^ The meta-analysis by Christina et al reported that positive constructs were associated with reduced rates of hospitalization or mortality for cardiovascular disease patients.^\[[@R36]\]^ The findings of our present study support the speculation that when the home team win, the fans become happy and satisfied. Such positive emotional responses play a protective role on the cardiovascular system, which may promote restoration from "too tense state" and serve as "health assets".^\[[@R37]\]^ Conversely, when the home team loss, the fans develop negative emotions that enhance "tense state" and reduce "health assets" (Fig. [4](#F4){ref-type="fig"}).
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Our overall analysis showed a small and a significant increased risk of cardiovascular morbidity (RR1.17; 95%CI:1.01--1.36). When subgroup analyses conducted based on the research design, the results are far different. In the only prospective study, the incidence of hospitalizations due to acute cardiovascular events in a sample of German population during the 2006 World Cup season^\[[@R12]\]^ was close to 2.7-fold increase (RR 2.66; 95%CI:2.33--3.04) compared to the incidence during the non-season. However, the relative risk of the pooled analysis of the retrospective studies was across one (RR 1.07;95%CI:0.99--1.16). Compared with the retrospective study, prospective study is less susceptible to bias, and can calculate the incidence and accurately analyze the relative risk, which is generally considered more robust. Future studies examining the impact of watching MFTs on cardiovascular morbidity needs to be prospective in design.

6. Conclusions
==============

This systematic review and meta-analysis showed an increased risk of hospitalization due to non-fetal acute cardiovascular events and cardiovascular mortality with watching MFTs. The cardiovascular mortality appeared to be related to the final results of the games, that is, winning the game had a positive impact and losing the game had a negative impact on mortality.

7. Limitation
=============

The advantages of studying stressful triggers at a population-level are that the timing of exposure can be objectively identified and a population-based sampling frame prevents issues of selection bias that may arise in studies of triggers that are experienced by only a subgroup of the population. However, because aggregate population-level data were used in these MFTs studies, the observed associations may be due to individual-level confounding. Unlike wars and earthquakes, which can be assumed to affect the entire population, it may not be appropriate to assume that the people who experienced an acute cardiovascular event after a sports competition are the people who actually watched the event. Furthermore, these events may also involve multiple other stressors (lack of sleep, overeating, heavy alcohol ingestion, smoking, and failure to comply with medical regimes and so on), therefore it is difficult to isolate which, if any, are responsible for the empirically observed higher incidence. Distinguishing the different impact of these stressors can be very costly.

In addition, though nearly all studies including the process of adjustment for confounding factors when examining the relationships between watching METs and cardiovascular mortality and morbidity, the confounding variables such as the season, temperature, day of the week, or air pollution adjusted in each study were inconsistent. Comprehensively adjusting for various confounding factors is an important measure but is highly challenging.

In conclusion, our systematic review and meta-analysis showed that populations watching MFTs have increased risk of cardiovascular mortality when their home or favorable team lose the tournament. Conversely, winning a MFTs may be protective for the fans of the team from cardiovascular standpoint. Enhancing awareness of cardiovascular health in fans involving in MFTs may be necessary to prevent these individuals from getting into high negative emotional arousals.
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